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MONO-DIAMETER WELLBORE CASING 
Cross Refferenca To RelatBd Applications 
This application is a oontinuation-ln-part of U.S. utility application serial nunriber 
09/454,139, attorney docket numlier 25791.3.02. filed on 12/3/1^9, vvhlch claimed the 
5 benefit of the filing date cS U.S. psrovisional patent applicatiffii serial number 

60/1 1 1,293, attorney docket number 25791.3, filed on 12/7/1998, the disclosures of 
vtfhteh are incorponatsd herein by refisFenoe. 

This application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attonrwy docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 

1 0 application serial no. 09/51 0,91 3. attorney docket no. 25791 .7.02, filed on 2/23/2000, 
(3) U.S< patent application serial no. 09/502,350, attorney docket no. 25701 .8 02, filed 
on 2Ji(UaOO0, (4) U.S. patent application serial m. 09/440,338, attorney (todtet no. 
25791.9.02, filed on 11/1S/1999. (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791.1 1.OZ filed on 3/10/2000, (6) U.S. patent application serial 

15 no. 09/512,885, attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
appltcatton serial no. 09/51 1 ,941, attorney docket no. 25791.18.02. filed on 2/24/2000. 
(8) U.S. patent appikatkm eertel no. 08^588,848, attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent appHcaUon serial no. 09/559,122, attorney docket na 
25791.23.02, filed on 4/26/2000. (10) POT patentappiteation serial no. 

20 PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (1.1) U.S. 

provisional patent applicatton serial no. 60/162,671, attorn^ docket no. 25781.27, filed 
on 1 1/1/19S9. (12) U.S. provisional patent appllotion seriei no. 60/154.047. attorney 
docket no. 25791.29. filed on 9/16/1^. (13) U.S. proviskmal patent application serial 
no. 60/159.082. attorney ctocket no. 25791.34. fll«l on 10/12/1999, (14) U.S. 

25 provisional patent application serial no. 60/1 59,039, attorney docket no. 25791 .36. filed 
on 10/12/1999, (IS) U.S. provistonal patent applitaticn serial no. 60/159,033, attorney 
docket no. 25791.37, flEsd on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212.359, attt^ney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 
patent applk»tton serial no. 60/165,228. attorney docket no. 25791 .39, filed on 

30 1 1/12/1889. (18) U.S. provistonal potent application serial no. 60/221 ,443. attorney 
docket no. 25791.45, Red on 7/28/2000, (19) U.S. previslenal petsnt application serial 
no. 60/221 ,645, attorney docket no. 25791.46. flisd on 7/28/2000. (20) U.S. provistonal 
patent sqpplteatton serial no. 60/233.638. attorney docket no. 25781 .47, fHed on 
9/18/2000. (21) U.S. provistonaj patent applteatton serial na 60/237.334. attorney 

35 dockistno. 25791 .48. flted on 10/2/2000, and (22) U.S.provistonai patent applkaitton 
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serial no, 60/262,434. attorney docket no. 25791.51. fitad on 1/17/2001. the disdosurBS 
ofwMcharelricorpoirated h(3rein byreferenos. 

Background of the Invention 
This Invention relates generally to wsllbore casings, and in parttoular to vrallbore 
casings that are ftmned i»lng expandabto tubing. 

Conventtonally. when a weUbore is created, a number of clings ere installed m 
the boehole to prevent collapse of the borehole waR and to prevent undesied outflow 
of drilng fluid Into the fomation or infkmr of fluid fifom the fomatlon into the borehole. 
The borehole is drilled In intervals whereby a casing which is to be installed in a lamr 
borehole Inienml ds lowered through a previously instated casing of an upi^ borehote 

IntBival. As a consequence of this prooBdure the casing of the tower lnten«l is 
smaller dianrteter than the caslr^ of the upper lnlen«l. Thus, the casings are in a 
nested arrangement with casing diameters deoeasing in downward direcUon. Cement 
annufl are provided between the outer surfaces of the casings and the borehole wall to 
15 seal She casings from the borehol® wall. As a consequence of this nested arrangement 
a nateiively large borehote diameter is raquirsd at the upper part of the wellbore. Such 
a large borehote dtenteter involves Increased costs due to heavy (asing handOng 
equipment, large drill bits and increased volumea cH drilling fluid and drill cuttings. 
Rtoraover, increased drilling rig time is involved due to requirsd cement pumping, 
a eament hardening, required equipment changes due to large variations in hole 
diameteie driDted in the course of the well, and the large volume of cuttings drfllsd and 
removed. 

The pnssent Invention is directed to overcoming one or more off the limitaltons of 
the ejdsting procedures for fonning new sections of rasing in a wellbore. 
^ Sununary of the invention 

Aooordlhg to one aspect of the present Invention, an apparatus for forming a 
waBbore casing In a borehole Bocated in a subterranean fbnrnation Including a 
pnMslsting wellbore casing Is provided that includes a support member Including a first 
fluid passage, an ejtpansion cone couplsd to the support member Including a sscond 
fluW passage flukfldy coupeed to the flrst fluid passage, an e»pandabto tubular Hnsr 

movabSy eoupted to the expansion cone, and an e«pandabte shoe coupled lo ^ 

sxpandsbl® tubular liner. 

According to another aspect o^ the present invenlton. a shoe Is provided that 
Includes an upper annular portion, an intemitsdiate annular portion, arid a Cower annular 
porftjn. The Intermediate annular pcrtton has an cuter drcumfereitoa that is larger 
than the cuter drwOTJferenoss of th® upper and lower annular portions. 



According to another aspect of the present Invention, a method of forming a 
wollbore casing in a subterranean fbnmation having a preexisting wellbore casing 
positioned In a borehole Is provided that Includes installing a tubular liner, an expansion 
cone, and a shoe in the borshola, radially expanding at least a portion of the shoo by 
injecting a fluWic material into the shea, and radteJIy expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion oone. 

According to another aspect of the present invention, an apparaliss for fonning 
a vy®llbore casing in a subten^naan fbr?natlon having a pnsaxisting welibore raslr^ 
positioned In a borehole is provided that Includes n^ns for Installing a tubular liner^© 
expansion cone, and a shea on the borehole, means for radially expanding at least a 
portion o<r the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for fonning 
a ^llboma casing vvlthin a subtenran»san fbmnation hduding a preexisting wellbore 
rasing positioned In a borehole is provided that includes a tubular liner, and ntaans for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting ^Afeilbore casir^. The Inside diameter cS the radially expanded tubular liner 
Is substantial^ equal to the inside diameter of a non-overlapping portion of the 
preextstlr^ v^lbore casing. 

Acooinding to another aspect of the present invention, a vuelibore casing 
positioned in a borehob within a aubtenanean fbrnnatton Is provided that includes a first 
v^Dbore c^ing. and a second t^^llbore casing coupled to and overlapping with the first 
v^Hbore casing). The second v^Obo^e casing coupted to the flrsl vueiaiboTe (^sing by 
the process o^ installing the second vifeilbore rasling, an expanscon oone, and a shoe in 
the boTehote, radially expanding at least a portion of the shoe by injecting a fluidic 
matejilal into the shoe, and radltelDy expanding at teast a portion of the second wellbora 
'rasing by InJadirTg a fluidic material into the bOTehoSe beOow the expansion cone.' 

Aoooinding to anothar aspect of the present onvenlton, a rrosthod of fonning a 
tubular structure in a subterranean fbrmatton having a preexisting tubular member 
positioned in a borehole is provided that includes installing a tubular Uiner, an expansion 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe by 
injecSlrQ a fluidic rrarterial bilo the shoe, and redidiy expanding at least a portion of the 
tubular liner by Injecting a fluidte material into the borehoto belGi;^ the expansion cone. 

According to another aspect of the present inventkm, an appai^^ 
a tubulair structure in a subienrartean tomsiSm tmAns a preexisting tubylar member 
positioned In a bo?ehoie is ppo^^od that includes means fbr-irMIng a tubular liner, an 
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expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
5 a tubular structure within a subterranean fomiaticm including a preexisting tubular 

member positioned in a borehole is provided that includes a ^bular liner and means for 
radially expanding and coupling the tid)ular liner to an overlapping portion of the 
pinsexistlr^ tubular member. The Inside diarrtster of the radially expartded tubular liner 
is substantiailiy equal to the inside diameter of a non-overlappirtg portion of the 
10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehoie vvHhln a subtenranean fomnatton Is provided that Includes a first 
tubular member and a second tubular mend)er coupled to and overtappUng with thd first 
tubular member. The second tubular member is coupled to the first tubular member by 
15 ttie process ofi instafflng the serand tubular member, an expansion cone, and a shoe 
in the boTGhole, radially expanding at least a portion ciTthe shoe by injecting a fluldic 
rviaterfal into the shoe, end radially expanding at taast a portion of the second tubular 
member by injeding a fluidic mafeerial into the borehole betow the exparislon cone. 

Brief Description of the Drawings 
20 FIG. 11 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a v^ll borehde. 

FIG. 2 is a fragmentary cross-sectfonal view illustrating the plaoemt&nt an 
embodiment of an apparatus for creating a monodlameter welibore casing within the 
new section the w^ll boinshote of FIG. 1 . 
25 Fid. 2a is a cmss-sectional view of a portion of the shoe of the appsiratus of 

FIG. 2. 

FIG. 2b is a cross-sectionsai view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-s^^Ucdial view of another portton of the shoe of the apparatus 
30 ofHG.2. 

FIG. 2d is a cross-secttonal view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e Is a crms-sectionial view of a portion of the shoe of the apparatus off 
FIG. 2c. 
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FIG. 3 is a fragmentary cross-aedional view Illustrating tho inJacQon of a 
hardenabte fluldic sealing material throi^h the apparatus and into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-secUonal view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectionai view of a portion of tlie shoe of the apparatus of 
FIG. 3a 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a fluidlc 
material into the apparatus of FIG. 3 in order to fluidiciy isolate the interior of the shoe. 
10 FBG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG.4a. 

FIG, 5 is a cross-sectional view iiluslrating the radial expansbn of the shoe oT 

15 nG.4. 

HG. 6 is a cross-sectional view illustrating the lofwering of the expandable 
enpanston cone Into the radial^ estpanded shoe of the apparatus of FDO. 5. 

FIG. 7 is a cross-sectional view HlustraUfiig the expansion of the expsffidable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectionai view illustrating the injection of fluidlc niaterial into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sedional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 Ss a cross-sectional view IliustratirDg the removal of the bottom portion of 
25 the radially expanded shoe of the appairatus of FIG. 9. 

FIG. 11 is a cross-SGCtk>naD view illustrating the fomnation of a mono-diameter 
weHbore casing that includes a plurality of overlapping nnono-diameter wellbore 
^Ings. 

FIG. 12 is a fragmentary cross-sectional view lllustrabng the plaoement of an 
30 attemative embodinrtento? an appairatus for creating a mono^lll^^ 
within the wellbore of FIG. 1 . 

FIG. 12a is a cross-sectbnal view of a portion of ttie shoe of the apparatus o^ 
FIG. 12. 

FIG. 12bisaGros$-sectionalviewof a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 1 2c is a cross-sectconal view of another portion of the shoe of the 
apparatuses FIG. 12. 

FIG. 12d is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 
5 FIG. 1 3 is a fragmentary cross-sectional view illustrating the injection of a 

hardenable fluldic sealing material through the apparatus and into the new section of 
the wsill borehole of FIG. 12. 

FIG. 13a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 1 4 is a fragmentary cross-sectional view illustrating the injection of a fluidlc 

material into the apparatus of FIG. 13 In order to fluidicly isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 tea cnss-sectional view Biustrating the radial expar^ion cS the shoe of 
15 FIG. 14. 

FIG. 16 a cross-secUonai view Hustrating the louring of the eicpandabte 
anpansion oone into the radlaily expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view ikistrating the eKparision of the expandable 
expar^ion oone of the apparatus of FIG. 18. 
20 FDG. 18 Is a oross-sectional view llhjKstrating the irjedion offluidic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FOG. 19 is a cross-secticnal view illustrating the oompletion of the radial 
expansion of the expandable tubular rr^amber of the apparatus of RG. 1 8. 

FIG. 20 js a cross-s^onal view illustrating the irernoval of the bottom portion of 
23 . the iradiallly expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Refening initiaily to FIGS. 1 , 2, 2a, 2b. 2c„ 2d, 2e, 3, 3a, 3b, 4, 4a. 4b. and 5« 
10. an embodiment of an'apparatus and method for fom^ a mono^lameter w^llbore 
casing wni^ a subtenranean formation AsiKuatratt^onFig. 1.a 

30 wallbora 100 to positioned in a suMenranean fbnmation 105. The weilbore 100 inchKJes 
a pre-existing (»sed section 110 having a tubuter (sisihg 1 15 and an annular outer 
ISQfor 120 of a fluidic seating r?ttriterialsu^ ThewelDbons 100 

may be positioned in any orienlatton from vertical to horizontal In several aKomattve 
emSxKlilments. the pne^sting cased sedton 110 does not Include the annular (M&r 
35 layer 120. 
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In order to ojrtend the wellbore 1 00 into the subterranean tbrmatlon 105, a drill 
siring 125 Is used In a weH krown rnanner to drill oui materi^^ 
formatton 105 to form a n®w wallbore section 130. In a preferred emkxxiiment, the 
Inside dianneter of the now vi/ellbore section 130 is grastor than the Inside diameter of 
5 the preexisting ^IDbore casing 115. 

As Illustrated in FIGS. 2. 2a, 2b, 2c 2d, and 2e, an apparatus 200 for forming a 
v»ellbore casing in a subterranean fonmation is then positionied in the new sectton 130 
of the wellbore 100. The apparatus 200 pnsferably includes an eitpanston cone 205 
having a fluid (^ssage 205a that supporlts a tubular member 210 that Includes a tomr 
10 portton 210a, an interm^iate portion 210b, an upper portion 210c and an upper end 
portion 210d. 

The e}q:>anston cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expanston cone 
2C^ may be conlrollably expandable In the radial dIrecHon, fw 
15 U.S. patent nos. 5,348,095, and/or 6,012,523, the disclosures of which are 
Inoorporated herein by reforenos. 

The tubular member 210 may be fabricated ftom any number of conventional 
ccmmsrclally available materials such as, for example. Oilfield Couritry Tubular Goods 
(0CT6), 13 chromium sleel tubing/rasing, or plastic toblng/caslng. In a preferred 
20 embodiment, the tubular member 21 0 Is fabricated from OCTG in ofder to maximize 
strength after expansion. In several altenrative embodiments, the tubular member 210 
may be solid and/or slotted. For typical tuKHJiar member 210 materials, the length of 
the tubular member 210 is preferably llnrtited to between about 40 to 20.000 feet in 
length. 

25 The \omr portion 210a of fii® tubular rrtember 210 pnsferably has a laiBer 

insikJ® diameter than the upper portion 21 Oo of the tubular member. In a preferred 
embodiment, the wall thl<*ness of the intermediate portion 210b of the tubular member 
201 is less than the wall thicCtness of the upper portion 21 Oc of the tubular member in 
order to tedlHate the initoation of the nsdlal expansion process. In a preferred 

30 embodlrnent, the upper end portion 210d of the tij^bular mem 

perlbrated, or dhen^ modified to cstch or ©low the expansion cone 205 when 
R completes the exinssioncftubuiarnrtember 210. In a pnstomsd embodiment, wall 
thteicness of the upper end portion 210d of the tubular member 210 is gradually tapered 
In order to gradually reduce the requlrsid radial expansion fbroes durtn|) the latter 

35 stages of the radial expansion proosss. In this rrBanrter, shock loadhfig conditions 
during the latter stages of the radial expansion procera are afi least mdnlmteed. 
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A shoe 215 is coupled to the Ipww portion 210a of the to^ The 
shoe 215 includes an u^ portton 215a, an intemnediate portion 21Sb, and imw 
portion 215c having a valveable fluid passage 220 that is preferably adapted to reoeive 
a plug, dart or other similar element for oontrollably sealing the flukl passage 220. In 
5 this manner, thse fluid passage 220 may be optinnaMy sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 21 5a and 21 5c, of the shoe 21 5 are preferably 
substantially tubuSar, arid the intenn^iate portion 215b of the shoe is preferably at 
least partially folded inwardly. Furthermore, in a prefenred embodinTent, when the 

10 intermediaite portion 215b of the shoe 213 h unfolded by the applicatton of fluid 

pressuire to the interior region 230 of the shoe, tSie Inside and outside diantetera of the 
intemtediate portion are prsi^bly both greater than the inside and outsCde diameters 
of the upper and loififer portions. 215a and 215c. In this nianner. the outer 
circumKsrahce of the intermediate portion 2i5b of the shoe 21S is prelierably greater 

IS than the outside csroumferences of the upper and lof^r porttons, 21Sa and 215b, of the 
shoe. 

In a preferred embodiment, the shoe 215 further Includes one or ntora tfirough 
an^ side outtot ports mfydiccommunitastion^ In this 

manner, tte shoe 215 optimally inieds hardenable fluidic sealing material Into the 

20 rsgton outside the shoe 215 and tubular niember 210. 

In an altemative embodiment, the flow passage 220 is omitted. 
A support member 225 having flySd passages 225a and 225b is coupled to the 
@xpanslbnconQ 205 for supporting the apparatus 200. The fluEd passage 225a is 
preferably fliMlidy coupled to the fluid passage 2G5a. In this manner, fOuMic n^rials 

25 may be conveyed to end from the r^ton 230 betoyif the expanston com 205 and above 
the tmom of the shoe 21 5. Tha ftuid passage 225b is pinefefBbty fluldldy coupled to 
the fluid passage 225a and includes a conventional control vah^e. On this manner, 
during placement of the apparg}tus 200 the ^Sbons 1G0, surge pressures c^n be 
raiUeved. fay the fluid passage 225b. In a preferred- embodinrtent, the support member 

30 225 ftjrther Includes one or more conventional oentrailzerB (not lustrated) to help 
siabiltea the apparatus 200. 

During plaosment of the apparatus 200 tfirithin the v^bore 100. the fluid 
passage 225a is preferably selected to Sranspora materials such as, for e»ample, drilling 
mud or formation fluids at ftow rates and ptnessures rainglng from about 0 to 3.000 

35 galOor^Aninute and 0 to 9.000 psi In order to nrtinlmis® tifs^j cxn the tububr member 
being run and to minimize surge pressures everted on the ^llbore 1 30 ^ich could 
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cause a loss of wallbons fluids and lead to hole cdiapse. During placentant of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluldilc matorials at flow rates and pressures ranging from about 0 to 3,000 
gaitons/ntinute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 
5 during insertion into the new section 1 30 of the wellbore 100 and to minimize surge 
pressures on the new welll:K>re section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior r^iion of the tubular 
member 210 adjacent to l!he expansion cone 205. The cup seal 235 may be any 

10 number of cooiveintionai commerdaliy available cup seals such as, for example, TP 
cups, or Selective injection Padker (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferr^ embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton En^ Ser^^ in Dallas, TX in order to 
optimally block foreign rraiterial and contain a body of lubricant In several aiten^tive 

IS embodiments, the cup seal 235 may include a plurality of cup seals. 

One 03" more sealing members 240 are preferably coupled to and supported by 
the eiderior eurfece of the upper end portion 210d of the tubular member 210. The 
sealing members 240 prsfferably provide an overtappirQ Joint bettfi^een the \mw end 
portion 115a oC the casing 1 15 and the upper end portton 210d of the tubular member 

20 210. The sealing members 240 nriay be any number of ^n^ntionaicomn^ 

available seals such as, for example, lead, mbber. Teflor^ or epoxy seab modified h 
acooTdanoe with the teachings of the present disclosure. In a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Kialliburton 
Energy Services in Dallas, TX in order to optimally provide a l<^d bearing Interfersnoe 

25 fit betv^n the upper end portion 210d of the tubular member 210 and the lovtfer end 
portion 1 15s) of the existing (^sirig .1 15. 

in a pinafennsd embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictlOT^I force to support the expandi^ tubular member 210 from 
the existing casir^ 115. In a preferrt^ embodiment, the friditonai force optimally 

30 provided by the si^allng members 240 ranges from about 1,000 to 1,000,000 Ibf in 
order to optivraiUy support the expanded tubular mertnber 21 0. 

In an alternative erriibodirnerilt, the sealing fT^^ 
upper end portion 210d off the tubular mmber 210, and a load bearing metaMo-metal 
interference fit is provided betvi^n upper end portion of the tubular nrtember and the 

35 lo^end portton llSaof the existing casing 115 by plasticaliydefomr^ 
eng^nding the tubular rrtember into ooniact vvith the existing cashg. 
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In a preferred embodiment, a quantify of lubricant 245 is provided rn the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
the manner, the eictruslon of the tubular member 210 off of the e^cpansion cone 205 is 
fedlltated. The lubrirant 245 may be aniy number of con\pitional commercially 

5 availabile lubricants such as, for exanrDple, Lubriplat^^rlne based lubricants, oil 
based lubricants or Clim^ 1500 Antisieze (3100). In a prefennod embodiment, the 
lubric^mt 245 is Climax 1 500 Antteieze (3100) avaHabDe from Climax Lubricants and 
Equipment Co. in HoustoTi, TX in order to optimally provide optimum lubrication to 
fadiltate (the expansion process. 

10 In a prefiamsd embodiment, th® support member 225 lis thoroughly cleaned prior 

to assembly to the rentaining portions of the appamtus 200. In this manner, the 
inboducUon of fore^n msteriat into the apparatus 200 is mirrimized. This minimizes the 
possibDily of foreign matorfal dogging the vartous passages and valves of the 
apparatus 200. 

15 llnapmferiredembodinfient,befbreoraftorposffi 

the nsn^ section 130 of the mliboma 100. a muple of v^lbore volumes are droulated in 
order to ensure that no foreign materials are tocated wit^ 
dog up the vartous fkm passages and valves of the apparatus 200 and to ensure that 
no Ibr^iign rraiterial infe^ 

20 As illustrated in FIGS. 2 and 20, in a preHidnied embodiment, during piaoment 

of the apparatus 200 ^In the vuelibom 100, fluidlcmaterial^ 250 within the vi/elibore 
that are displaoad by the apparatus are at least partiaRy conveyed through the fluid 
passages 220, 205a, 225a, artd 225b. Dn this manner,- surge pressures created by the 
plaosrvtent of the apparatus \^thin the \^llbore 100 are reduced. 

25 As iustiri^ in FIGS. 3, 3a, and 3b. the fluid passage 22Sb is then dosed and 

a hardenable J\Mlc sealing material 255 is then pum^ finom a si^oe te^tion into 
the fluid) passages 225a and 205a. The rr^rial 255 then passes from the IRuid ' 
passage 205a into the intersor (nsgbn 230 of the shoe 215 belc^ the expansion cone 
203. The inrmileiTial 253 then passes from the interior regcon 230 into the fluid passage 

30 220. The mateirtel 255 then ©xits the apparatus 20O and fHls an annular region 280 
belK»een the ®}dertor of the tubular member 21 0 and the Interior wall of the nevv sedtton 
130 of the ^llbore 100. Comtinued punr^ng df the rv^riai 255 causes the material to 
fill up St teast a portion df th© annular n^ion 280. 

The msibsriaD 255 is pirefisrably pumped into the annular regton 2S0 at pressures 

35 and Hc^ rsibs rar^ing, ktxr enampEe, ftom about 0 to 5000 psi and 0 to 1 ^500 
gaBonsArvtAn, rt3)specSiye^ The optimum flov^ rate arKicperaUngpriss^ 
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function of the casing and wellbore sizes, wellbore section Idhgth, available pumping 
equipment, and fluid properties of the fluldic material behig pumped. The q>timum flow 
rate and operating pressure are preferably detennined using conventional empirical 
methods. 

5 The hardenable fluidic sealing rralerial 255 may be any number olf conventional 

rommercially available hardenabte fluEdIc sealing nrmtsriais such as, for ©Jtampie. slag 
mbt. cement, llatex or epo«y. In a preferred embodin^nt, the hardenable fflucdic sealing 
material 255 is a blended cement p^eparssi sp^raily for the particular vifell sectoon 
being drilled from Halliburton Energy Services In Dallas. TX In order to provide optUmal 

1 0 support fo(r tubular member 210 \;^iie also maintaining optimum charadeiristics so 
aa to nrinimize diifflculties durir^ the dispiaoennmt of cement in the annular negion 260. 
The optimum blend of the btended osment is preferably determoned using conventional 
empiricsd methods. In several atteniatiiveembodirnents, the hardenable flui^^^ 
material 255 is oornpressibie before, during, or after curing. 

15 The annular region 2S0 pns^ferably isfiHed with the rvBterial 255 in sufficient 

quantWes to ensure that, upon radisd expansion of the tubular member 210, the annular 
region 290 of the netfif section 1 30 of the vt^lbore 1 00 virill be fiBed with the material 
255. 

in an alternative embodiment, the injection of the material 255 into the annular 
20 region 280 is omKied, or is provided after the radbl expansion of the tubular member 
210. 

As illustrated m FIGS. 4. 4a. and 4b, once the annular regloh 280 has been 
adequately flgied the miateriial 255, a plug 2<35, or other similar device, is inltroduosd 
into the fluid passs^e 220, theinsby fluidity isoMng the Itmitor r^ton 230 fwm the 

25 annubr region 260. in a preferred embodiment, a non4is^fdenable fluidic material 270 
is then pumped into tte interior ns^ion 230 musing the interior r^ion to pressurize. In 
this manner, the Interior region 230 of the e}tpand<^ tubular membxer 210 v^ID not 
contain s^nifirant amounts of the cured material 255. This also ireduoas and simplifles 
the coet gS the entire process. Attematively, the nnaterial 255 may be used during this 

30 phase of the process. 

As illustrated In PIG. 5, In a preHidrred embodiment, the ootntinued injet^on of 
the fluidic material 270 pressurizes the regbn 230 and unlblds the Intenmediat© portion 
215b of the shoe 215. In a prefennsd embodiment, tte outside diameter of the unfolded 
intenmdiate portion 21 5b of the shoe 215 is greater tt^n the oullside diameter cS the 

35 upper and iomr portions, 215a and 215b, of the shoe. In a preferred embodlrvtsnt, the 
inside and outride dbmeters of the unfolded imermed'mte portion 2151b of the shoe 2115 



are gnsater than the inside and outside diameters, respec^ely, of the upper and lovver 
portions* 215a and 215b, of the shoe. In a ptrefeimsd embodimsnt, the inside dtarneler 
of the unfolded Intemnedlate portion 215b of the shoe 215 is substantialty equal to or 
groatsr than the inside dianmeter of the pmexisting casing 1 15 in order to optimally 
5 facilitate the fomnation of a imono-diameter vvellbore casing. 

As Illu8tr®t®d in FIG. 6, In a preferred embodiment, the expansion cons 205 is 
then lo;i;^;^^{n^ into Hhe lunrfollded intermediate portion 215b of the shoe 215. In a 
prsferred embodiment, (the estpansloi oone 205 b toured into the unfolded 
intennediate portoon 21 5b df the shoe. 21 5 until the bottom of the expanston oone Is 
10 prorfmsite the ioimr portion 215o of the shoe 215. In a (Kreferred embodiment, during 
the k3%»^ring of the expansion oone 205 into the unfolded Intemriedlate portion 215b of 
the shoe 215, the material 255 ^in the anriularregion 260 and/or the bottom the 
vveHbore section 130 ma&ntains the shoe 215 in a substantially stationary position. 

As IHustrated in FOG. 7, in a preferred embodiment the outsUe diameter of the 
15 ^^nslon oone 20S is then iripnssisGd. In a preferred embtxfiment, the outside 
diameter of the expansion oone 205 is increased as disclosed in U.S. patent nos. 
5,348.095. and/or 6,012,523, the discbsures of which are incorporate herein by 
rsferenoe. In a prtsifemsd entf^odinrtent. the ouflside diameter of the radially expanded 
expansion oone 205 is substantially equal to the inside diameter of the preexisting 
20 v^^eRtore casing 115. 

In an altt^matiive embodiment, the expansion cone 205 Is not lov^fered into the 
radially expanded portion of the shoe 21 5 prior to being radially expanded. Dn this 
manner, the upper portion 21 Oc of the shoe 210 rmy be radially expanded by the radial 
expansion of the expansion oone 205. 
25 In ©nbther altemiaitive ennibodiment, the expansion oorDs 205 is not radially 

expandod. 

As iltetrat^d in FIG. 8, in a prefened embodiment* a fluldSc mater^l 275 is then 
injects into the region 230 through the fluid passages 22Sa and 205a. in a p?i^nred 
embodiment, once the onteriotr T&Qkm 230 becomes sufifidesitty pressurized, the upper 

30 portion 215a of the shoe 215 and ttte tubular member 210 are preferabDy plastically 
deformed, madiallly expanded, and extruded olf of the expansion oone 205. 
FurthermoTe. in a prefienred embodinrtent, dijnring the end of the radial expansimi 
procsss, the upper posHlon 210d of the tubular msffrfcsr and the lov^ portion of the 
preexisting caslrDgi 1 15 that overiap ^sm one another are simuHaneousiy plaslirallly 

35 defbrmsd and radially expanded. In this rnanner, a morto-diameterv^llbore casing 
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may be formsd that includes the preexisting wellbore casing 1 15 and the radially 
expanded tubular member 210. 

During the ©xHrusion proosss. the e)(pansfon cone 205 may be raised out of the 
expanded portion <rf the tubular member 21 0. In a pref^red embodiment, during the 
5 extirusion process, the expansion con© 205 is reused at approximatefy the same rat® as 
the tubular member 21 0 is expanded in order to keep the tubular nniember 210 
stationary nstetiv® to th© new wellbore section 130, In this manner, an overiapping Joint 
be4«5f®effi the radially expanded tubular member 21 0 and the lower portion df the 
pneexi^ng casing 1 1 5 may be optimally formed. In an altemative pnsfferrsd 

10 embodinrtent, the expansion cone 205 is maintained in a stationary posltton during the 
extrusion process thereby allowing the tubular member 210 to extrude dff of the 
expanston cone 205 and Irrto the new wellbore section 130 under the fomc® of gravilty 
and the operating pressurs of the interior region 230. 

in a pnsfisvred embodiment, when the upper end portion 210d of the tubular 

15 men^r 210 and the tower portion of the prtsexis^^ 

another are plastically deformed and radially ^qpanded by the expsmslon cone 205, the 
expanston oone 205 (s dispiaodd out of the welibpre 100 tqf both 
prtessure within the nsgton 230 and a upwardly directed 
tubular support member 225. 

20 The overiapping Joint between the lower portion of the preexisting casing 115 

and the radially expanded tubuter member 210 preforably provides a gaseous and 
fluidic seal. In a particulariy preferred embodiment, the sealing members 245 optimally 
proved© a fluidic and gaseous seal in the overlapping joint In an aHemative 
embodiment ^e seallr!^ members 245 are omltt^. 

25 In a pr©forr\^ ©mbodiment the operating pnsssur© md.Jkm rats of the fluidic 

material 275 Is oantrollabiy ramped down wh^ the expansion cone 205 riches the 
upper end portion 210d of the tubular member 210. In this rranner, the sudden release 
of pressure camsd by the complete extrusion of the tubular member 2110 off of the 
expariksion oone 205 em be minimized. In a prefom^ embodiment the opeirating' 

30 pressure is reduosd in a substantHalty linear Mnh^ from 100% to about 10% during 
the end dr the extrusion process b^lnning wh;^ the expansion oone 205 is within 
about 5 fiset from completion of the extruston prooass. . 

Alternatively, ox in comblnatton, the waU thickness of tiw upper end portion 
210d of the tubular merrriw is tapered in order to gradually reduce the required 

35 operating pressure for pi83ti(a%deforrningan^ 
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portion of the tubular merrAer. In this mmnGr, shock loadir^ of the apparatus is at 
least r^uced. 

Altemativety, or in oombinatk>n, a shock absori)er is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
5 The shock absorber may comprise, for example, any conventtonal ronrmerdaily 
available shock absorber, bumper sub, or Jars adapted for use in wellbore operations. 

Alternatively, or in combinatton, an expanscon cone catching structure is 
provMed in the upper end portion 21 Od of the tubular member 210 in order to catch or 
at least deoslerate the eKpar>sion cone 205. 
10 In a preferred enr^>odinnent, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 durir^ the expansion prcoess. 
These effects ysM be depend ypbn the geometry of the expansion cone 205, tihe 
material oompositton of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular msnrd^er 210. the \rall thtekness of ths tid)ular member 210, the 
15 type of lubricant, and the yield strength (rf the tubular member 210. In general, ttie 
thicker the vyall thickness, the smadler the Inner diamater, artd the greater the yieM 
strength of the tubular member 210, then the greater the operating pressunas required 
to extrude the tubulstf* member 210 off of the expanston cone 205. 

For typical tubular members 210. the extmsion of the tubular member 210 off of 
20 the expansion cone 205 \;tfni begin v^n the pressure of the intorfc^^ 
reaches, for example, approximatQiy 500 to 9,000 psi. 

During the extmsion process, the expansion cone 205 may be raised out of the 
expanded portton of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sec In a preferred embodiment, during the extruston prcoess, the expanston 
25 corte 205 Is raised out of the expanded portion of the tubuter member 210 at rates 

rart^ing fh^ about 0 to 2 fl^sec in order to minimise the time required iior the expansion 
process ^lle also permitting easy control of the expar^sHon process. 

As illustrated in FIG. 9, once the extmsion process is completed, the expansbn 
cone 205 is (removed from the vifelibore 1CK). In a prefenTsd ^nbodiment, either befbr® 
30 07 after the removal oS- the expansion cone 205, the integrity of the fluDdte seal of the 
overlapping Joint bet^;»een the upper ertd portton 210d of the tubuSbr mennbar 210 and 
the kiitwend portton 115a of the preexisting ti^tlbore casing 115 is tasted using 
oonventtonal methods. 

In a preferred embodiment. If the fluMto seal of the overlapping Joint befefveen 
35 the upper end portion 210d of the tubular member 210 artd the to^ end portton 1 1 5a 
of the casing IIS is satisbctory, then any uhcured portton of the rvmterial 255 vtfKMn the 



15 



eKpanded tubular member 210 is than removed in a ponventional rnanner such as, for 
e)(8imple. circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill Is used in combinatton with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular rmmber 21 0. In a prefenred 
embodiment, the material 255 \ftdthin the annular region 260 is then allowed to fuOy 
cure. 

As Wustroted in FIG. 10, the bottom portion 21 5c of the shoe 215 may then be 
removed by drilling out the bottom portico 61 the shoe using conventional drilling 

10 fTtethods. The wellbore 100 may then be e^ctended in a conventional manner usir^ a 
oonventibnal drilling assembly. In a preferred embodiment, the inside diameter of tte 
extended portion of the v;fellbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As Illustrated in FI& 11, the method of FIGS. 1-10 may be repeatedly 

15 performed in order to provide a mono-diameter wallbore msing that Includes 

overiapping weffixm casings 115 and 210a-210e. The wellbore casbig 1 15, and 210a- 
210e prsfisirBbly include outer annular layers (rf fluidic sealing nraitertal. Attematively, 
the outer annular l&y@rs of fluidic scaling mateftel may be omitted. In this manner, a 
mcno-dtemeter wellbore casing may be fbmned within the subtenranean fbnnatlon that 

20 extends for tens of thousands of feet. More generally still, the teachings of FIGS. 1*1 1 
may be lised to fbmn a mono-diameter wellbora casing, a pipeline, a structural support, 
or a tunnel within a suMsnan^n fbmnalidn at any orientation from the vertical to the 
horteoTital. 

In a preferrsd embodiment, the formation of a morm-dliameter wellbOTe rasing, 
25 as illustrated \n FIGS. 1-1 1 , is further prodded as disclosed in one or mom of the 
fbOowlng: (1) U.S. patent appli^tion serial no. 09/454,139. attorney docket no. 
25791.03.02. filed on 12/3/1^, (2) U.S. patenit applicati^ ser^^ 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent appltcatton serial 
no. 08/502.350, attorney docket no. 25791.8.02, fS^ on 2/10/2000, (4) U.S. patent 
30 appllration serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/19^. 
(5) U.S. patent appliration ser^l no. 08/523,460, attorney docket no. 25791.11.02, filed 
on 3/10/2000. (6) U.S. patent applicsAkm serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent application serial no. 09/511,941. 
attorney docket na 25781.18.02, flled on 2/24/2000, (8) U.S. patent application serial 
35 no. 09/588,948, atiOTney docket no. 25791.17.02, filed on 6/7/2000, (9) U.a patent 
appSBcation serial no. 09/559,122, attorney docket no. 23791 .23.02, filed on 4/28/2000. 
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(10) PCT patent appRcafion serial no. PCTAJSOO/18635. aMomey docket no. 
25791 .2§.02. flied on 7/9/2000. (11) U.S. provisionai patent application serial no. 
60/182,671. attorney dodtet no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 
patent applimtion serial no. 60/154,047. attorney docket no. 25791 .29, filed on 
5 9/16/1999, (13) U.S. provisional patent application serial no, 60/159,082, atlcnwy 
docket no. 25791.34, fiDed on 10/12/1999, (14) U.S. provisional patent applteatton serial 
no. 60/159,039. attorney docket no. 25791.36, flted on 10/12/1999, (15) U.S. 
provisional patent applicattkm serial no. SO/159,033, attorney docket no. 25791 .37, filed 
on 10/12/1999, (18) U.S. prwdsional patent applicatbn serial no. 80/212.359. attorney 

10 docketno. 25791.38. Won 6/19/2000. (17) U.S. provisional patent application serial 
no. 60/165,228, attorney docket no. 25791 .39, filed on 1 1/12/1999, (18) U.S. 
protfiskRial patent appHcatktn serial no. 60/221 ,443, alttomey c9ocket no. 25791 .45, filed 
on 7/28/2000. (19) U.S. provisk)nal patent appllcatton serial no. 60/221,645. attorney 
docket no. 25791;46. fflsd on 7/28/2000, (20) U.S. prov^nal patent appllcatton serial 

15 no. 60/233.638. attorney docket na 25791.47. filed on 9/18/2000. (21) U.S. provlstonal 
patsrrt application serial na 6(i^7.334. atlomay docket no. 25791 .48. INed on 
10/2/2000, and (22) U.S. provlstonal patent application serial no. 60/262.434. attorney 
docket no. 25791.51. filed on 1/17/2001, the disctoeures off vvhtoh are inoorporated 
herein t)yrefiBrenos. 

20 RefeningtoFIGS.12.12a.12b.12e.and12d,inanalterriativeernbodlrnent. 
apparatus 300 for forming a mono-diameter vyeilbore casing is positioned vtithin tiie 
vs^llbors »8ing 1 15 that is gubstantteilSy Identical in design and operation to the 
apparatus 200 except that a shoe 305 is 8ut>stituted for the shoe 21 5. 

in a prstenr^ embodiment, the shoe 305 indudes an upper portSon 305a. an 

25 intermediate portton 305b, arcd a Umar po(rtion 305c having a valveable flukS passage 
310 that Is pn3fsirBt)ly adapted to receive a plug, dart, or other similar element Iot 
controflai^ sealing the fluid passs^e 310. In this manner, the fluid passage 310 may 
be opdmally seated off by introducing a plu^. dart and/or ball sealing elements into the 
fluid passage 310. 

30 The upper and loKnrportkms, 305a aid 305c, c(f the shoe 305 ara prefer^ 

substantially tubular, artd the intermediate poirtbn 305b of the shoe includes 
oonn^ations 305ba^bh. Furthernwre, in a prefsrred emSiodirnent, when the 
Intermediate pwtkm 305b of the shoe 305 is radially ejqpanded by the applka^ 
flufcJ pressure to the interior 315 o? the shoe 305. the inside and outside diameters of 

35 the radially e}(|»ndedintenRsdiateportton are prefierablybo^ 

and outsUediannelers of tl»ui4)er and kKverporttone, 305a and 305a in this nHomer, 



the outer drcumference of the intermediate portion 305b of ths shod 305 is preferably 
gnsater than the outer drcumferBnces of the upper and lower portions, 305a and 305c, 
oftheshoa. 

in a prefemad embodiment, the shoe 305 further includes one or more through 
5 and side outlet pc^ in flu»Jic communiration with the fluid passage 310. in this 
manner, the shoe 305 optirnally Injects hardenabUe fluidic sealing material into the 
vsglo^ outside th® shoe 305 and tubular member 210. 

On an altematlva embodiment, the flow passage 31 0 is omitted. 

Dn a prefemed embodiment, as illustrated in FIGS. 12 and i2d. during 
1 0 placement of the appar^ttus 300 within the wellbore 100, Iflui^c material 250 within the 
wsilbor^ that arts; displaosd by the apparatus are conveyed through the fluid passages 
3110, 205s), 225a, and 225b. In this n^nner, surge pressunes created by the plaoement 
of the apparatus within the welibona 1 00 are reduced. 

in a preferred embodiment, as iiiustrated in FIG. 113 and 1 3a, the fluid passage 
1 5 22§b Is then closed and a hardenable fluMic sealing material 255 b then pumped from 
a surfeos location into tha flukl passages 225a and 205s). The material 255 then 
passes from the fluid passage 205a Into the intertor regten 31 5 of the shoe 305 below 
the ®Kpan^ cone 203. The material 255 then passes from the intertor r^ton 315 
Into the fluid passage 310. The material 255 then eidte the apparatus 300 and filis the 
20 annular rs^jton 280 bediwoen the esctertor of the tubular member 21 0 and the Interior wall 
of the new section 130 of the welibore 100. Continued pumping of the material 255 
causes the material to filD up at teast a portion of the annuter region 260. 

The nrotterial 255 is preferably pumped into the annular region 260 at pressures 
and ftow rates rankling, for example, from about 0 to 5000 psi and 0 to 1,500 
25 gaitons/min, in8)sp(S)<^S^^ Th© opSmum flow rate and opsratirig pressures vary a^ 
fun^n olf the rising and w^llborie sizes, wellbors section length, available pumping 
equiprr^t, and fluid properties of the fluidic nriaterlai bein^ pumped. The optimum flow 
rate and operating pressure are prefersbily determined using conventtonal empiriral 
methods. 

30 - The harderDabie iuldic sealing materlaO 255 may be any nurrtber of ccnventkml 

rammerdally avaltable hardenable fluidic sealir^ materials such as, for example, slag 
mbc, cement, tetex or epoxy. In a preferred embodbnent, the hardenable fluidic sealing 
material 255 is a blended cement prepared spedfirally for the particular well section 
being dnlod from Halliburton Energy Sen/icfss in Dallas, TX in order to proivide optimal 

35 support tor tubular rrtembar 210 while also nudntain^ optimum flow charactertetics so 
as to minimiss dNflcuDtiea durir® tha displacement of oenrtent hn the annular region 280. 
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The optimum Mend of the blended oement is preferably determined u$lng conventional 
empiriral methods. In several altemative embodiments, the hardenable fluldic sealing 
material 255 is compressible before, during, or afHer curing. 

The annular r^ion 260 preferably is flll^ with the material 255 In suffident 
quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an altenr^e embodiment, the injection cS the material 255 into the annular 
iregion 260 is omitted. 

As illustrated in FIGS. 14 and 14a, once the annutar region 260 has been 
adequately filled with the material 255, a plug 265, or other similar device, is introduced 
Into the fluid passage 310, thereby fluidlciy Isolatirig the Interior region 315 from the 
annular region 260. in a pnefened embodiment, a non-hardenable fluldic material 270 
is then pumped into the interior regbn 315 caiusing the interior r^ion to pressurize. In 
this manner, the biterior region 315 wll not contain signtfirant amounts of the cured 
material 255. This also reduces and simpRfiee the cost of the entire process. 
AHematively, the material 255 may be used during this phstse of the process. 

As iUustrated In FIG. 15, In a preferred embodiment, the continued injectton of 
the fluidic material 270 {wessurizes the region 315 and unfolds the conrugations 305ba- 
305bh of the intermediate portion 305b of the shoe 305. In a prefianfed embodiment 
the outside diameter of the unfolded Intermediate portion 305b of the shoe 305 is 
gmsat)^ than the outside diarrteter of the upper and lower portions, 305a and 305b, of 
the shoe. In a preferfi^ embcdirmnt, th© inside and outside diameters of the unfolded 
intermediate porttcn 305b of the shoe 305 are greater than the inside and outside 
diameters, respedivety, of the upper and tower portions, 305a and 305b, of the shoe. 
In a preferred embodirmnt, the inside diarmter of the unfolded intemrtediate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
pr^}dstllng ^irig 305 in order So opUmize the fo^matllon of a monoKJiarrteter wellbore 
casing. 

MHustrated in FIG. 16, in a pnefenred embodiment, the ^cpanslon cone 205 is 
then toisAered Into the unfolded Intermedial Ina 
prelisrred embodbnent, the e»panston cone 2^ 
intenroctele portion 30Sb of the shoe 305 until ^ 

prodrrrate the lower portion 305c of the shoe 305. In a preferred embodiment, during 
the lloi)«ming of the expansion cone 205 Into the unfolded intenfnediate portion 305b of 
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the sh08 305. the material 255 within the annular region 260 maintains the shoe 305 in 
a substantially stationary position. 

As illustrate in FIG. 17, in a pnaferved emtxxlimmt the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodlinrtent, the outside 
S diameteir of the e^^nsion cone 205 Is ino^sed as disclosed in U.S. patent nos. 
5,348,085, and/or 6»01 2,523, the discSosures of which are incorporate harein by 
refertenoe. In a pveferred embodiment, the outside diameter of the radially expanded 
eitpansion oone 205 is substentially equal to the inside diameter of the preedsting 
v^llbore casing 115. 

10 In an altemativ® embodiment, the expansion cone 205 is not Bowared into the 

racMlally expanded portion of the shoe 305 prior to being radially expanded. In this 
mannexr, the upper poTtion 3056 of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

in anothier altemath/e embodiment, the expansion oone 205 Is not radially 

15 expanded. 

As illustrated in RG. IS, in a preferred embodiment, a fhJidBo materia 275 is 
then injected into the regton 313 throu^ the fluid passages 2^ ina 
preferred emtiiodiment, onoe the interior region 315 becomes sutilciently pre^urized, 
the upper portion 305a of the shoe 305 and the tubular member 21 0 are preferably 

20 pSastically deformed, radially expanded, and extmded off of the expansion oone 205. 
Furthermore, In a preferred embodiment during the end of tfietadial expansion 
prcoess, the upper portion 210d of the tubular member artd the lower portion of the 
preexisting (^ln@ 1115 that overiap with one another are simultaneously plastically 
(Mcmzd and radiaDlly expanded. In this manner, a mono^iameter milbore c^irtg 

25 may be fomfted that indudes the preexisting \ftfeilb^ 
expanded tubuCar member 21 0. 

During the extrusion process, the expansion oone 205 may be raised out of the 
expanded portion of the tubular member 210. In a prs^rred embodiment, during the 
extirusion prtooess, the expansion com 205 is rais^ at approximately the sams rate as 

30 the tubular ofnember 210 is expanded in order to tceep the tubular member 210 

staOorDary relative to the new weObore section 130. In this manner, an o^fertepping Joint 
bettfsfeen the radialiy expanded tubular member 210 and the ioiftjer poTtion of tha 
preexisting casing 115 may be optimally formed. In an aAtemaUve prefened 
embodlmenft* the expansion ocme 205 is maintained in a stationary position during the 

35 QxtrusbnproosssthGftel^allo^ng the tubular nnen4)er 21^ 
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eiq^ansion cone 205 and into the nB^ wellbore section 130 under the force of gravity 
and the operating pressusns of the interior region 230. 

Dn a prefsnisd omixKliment, v^en the upper end portion 21 Od of the tubular 
member 21 0 and the lower portion of the preexisting (^sir^ 115 that overlap with one 
5 another ana plastically defommd and radially expand^ by the expansion cone 205, the 
expansion rone 205 lis diapkioad out of the ^llbore 1(K) by both the operating 
pressuns) v^thln the n^ton 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping joint between the lowr portion of the preexisting casing 115 
1 0 and' the rs^ially expanded tubular member 21 0 pre^bly provides a gasrous and 
fydie 3©aL in a psrriicula^ piiefen^ embodiment, the seating members 245 optimally 
provMe a fluidic and gaeeouis sealin the overiappi^^ In an alternative 
sTTiitodirneint. the seating members 24^ 

In a preferred embodiment, the of^rating pressure and flow rate of the fhiidic 
15 material 275 is oontrdlably ramped down when the expanston cone 205 reaches the 
upper end portion 210d of the fiubuiair member 210. In this manner, the sudden release 
of preasur® caused by tto complete extmsion cS the tubular nnembef 21 0 off of the 
expanston oone 205 can be minimized. In a preferred embodiment, the operating 
pressure is reduced in a sijd)stan(tially Rnear fashion from 100% to about 10% during 
20 the arid of the extrusion process beginning when the expansion cone 205 is within 
about 5 feat from completion of the extrusion process. 

Altematively, or in combination, the wall thidmess of the upper end portion 
21 Od of the tubular member is tapered in order to gradually n^uce the roquired 
operaiOng piressyre for plastiic^iiy defbmnir^ and radially expanding the upper end 
25 portion of the tubular rmmber. In this manner, shock loading of the apparatus may be 
at (east partteily minimized. . 

Atterrnatively, or in combination, a shod; absort^r is provided in the supped 
memb^ 225 in order to absorb the shock caused by the suddon reisase of pr^ure. 
The shock abscTt^ m^y comprise^ for example, any conventtonal commerdatty 
30 availabte shock absortw adapted for use in wellboT^ 

Altematively, or in combination, an expansion cone etching structure is 
provided in the upper end porttori 21 Od of the tubular member 210 in order to »tch or 
at least decelerate the expanston oone 205. 

In a preferred embodiment, the apt^ratus 200 is adapted to minimize tensRe, 
35 buirst, and ftictton effecte lupon the tubulair member 210 during the expanston pmosss. 
These eRects ysM bs depend upon the geometry of the expanston cone 205, the 



.material composition of the tubular menrider 210 and expansion cone 205. the inner 
dianrieter of the tubular member 210, the wall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 21 0. Jn general, the 
thicker the wall thictcness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubuiar msmbar 210, then the greater the opemating pressunes required 
to extrude the tubular member 21 0 off of the expansion cone 205. 

For typical tubular merrU^ers 210, the extrusion of the tubular member 210 off of 
the expansion oone 205 will begin when the pressure of the interior r^oon 230 
reaches, for example, approximately §00 to 9,000 psi. 

10 During the extrusion pmcess, the expansion cone 205 may be rBllsed out of the 

expand^ posHon oS the tubular member 210 at rates rar^ir^, for example, from about 
0 to 5 fV^ec. In a prefemed embodiment, during ttie extrusioin process, the expansion 
cone 205 is raised out of the expanded portion of the tubular rnember 210 at rat^ 
ranging from about 0 to 2 ft^sec in order to minimize the lime required for the eotpanston 

15 prooass while also penrnttting easy oc)nlrol of the expand 

As illustrated In FOG. 19, onoe the extmsion process is completed, the 
^cpansion oone 205 is renmoved from the wellbore 100. In a preifenned embodiment, 
either before or after the removal of the expansion oone 205, ttie int^rity of the fluidic 
seal of 0ie overtappbig Joint between the upper end portion 210d of the tubular member 

20 210 and the lower end portion 1 15a of the preexisting weilboire casing 1 15 Is tested 
using conventional methods. 

In a prefenred embodiment, if the fluidic seal of the overlapping Jdnt between 
the upper end portion 210d of the tubular member 210 and the tower end podlion 1 115a 
df thdt ^Ing 1 15 is gatllg^dtofy, men any uncun^ portion of th(D mateirlisii 255 wKhIn the 

25 expand^ tubular men^r 210 Is then removed in a conventbnal marmi^ such as. for 
example, circutatir^ the uncuired material out of the interior of the expanded tubular 
membdr 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill is used in cxmtbination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 21 0. In a pnsien^ 

30 ermbodimQnt, the materiaO 255 within the annular region '260 is then allowed to fully 
cure. 

As Illustrated In FIG. 20. the bottom poTtion 30Scof the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The viFellbore 100 nnay then be extended in a conventional marener using a 
35 conventional drilling assembly. In a pratenred embodiment, the inside dlanr^^ 
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extencted portion of th® wellbore is greater than the inside diameter of the radiaily 
expartded shoe 305. 

The method of FIGS. 1 2-20 may be repeatediy pdrformed in order to provide a 
mono-diameter wellbore cas\r)g that includes overlapping welibore casings. The 

5 overlapping v^lllbore casing preferably indude outer annular layers of fluidic sealing 
mate^aL Alternatively, the cuter annular layers of fluEdic sealing material may be 
onrritted. In this manner, a monodiameter ^llbore casing may be forr^ed within the 
sulMerranean fbrm^ticn that extends for tens of thousands of feet More generally stiti, 
the teachings of FIGS. 12<>20 may be used to form a mono-diameter vi/allbore casing, a 

10 pipelin<^, a stmctural support or b tunnel within a subterranean formation at any 
orienitsition from the vertical to the hori^ 

In a pr#enred embodiment, the formation of a moofKHllametor mllbore casing, 
as Illustrated in FIGS. 12-20, is further provide as disclosed in one or more of the 
JUIq^r^: (1) U.S. patent application sertal no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent 8«)pllcalion sertel no. 08/510,913. 
atlOTnsy docStet no. 25791.7.02, fflled on 2/23/2000, (3) U.S. patent application serial 
m. 09/502,350, attorney docket no. 257^1 .8.02, fBed on 2/10/2000, (4) U.S. patent 
appBralfon sertel no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1099, 
(5) U.S. patent application serial no. 09/5^.460, attorney docket no. 25791.1 1 .02. filed 

20 on 3/10/2000, (6) U.S. patent ai^lication serial no. 09/512,885, attorney docket no. 
25791 . 1 2.02, fBted on 2/24/2000, (7) U.S. patent applicatioh serial no. (^/51 1 ,941 , 
attorney docket n^. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 00/5^,948, attorney docket no. 25791.17,02, filed on 8/7/2000, (B) U.S. patent 
appSksit&on serial no. 09/559,122, attorney docket no. 25791.23.02, fit^ on 4/28/2000, 

25 (10) F€T patent application serial no. PCT/USOO/118835, attorney dodtet no. 
25791.25.02, filled on 7/9/2000, (11) U.S. provlsionaO patent apptocatton serial no. 
80/162,871 , attam®y docStet no. 25791 .27, filed on 1 1/1/1999, (12) U.S. provlstonsi 
patent appSocation serisO no. 60/154,047, attorney docket no. 25791.2®, fll<Ed on 
8/16/1^, (13) U.S. pmDvSston^l patent applicafon &s^M no. 60/159,082, attorney 

30 6os!M no. 25701 .34, filed on 10/12/1999, (14) U.S. proviskmal patent appDration serial 
no. 60/159.038, aOiomey docket no. 25791.38, filed on 10/12/1998, (15) U.S. 
provisEonal patent appRcatton serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent applicatton serial no. 60/212,359, attorney 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. proi^sional patent appHratton serial 

35 no. 80/165,228, attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. 

provlstonai patent appUcation serial no. 60/221,443, attomey^dockel nd. 25791.45, filed 
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on 7I2BI2O00. (19) U.S. provisional patent application serial no. 60/221 .645. attorney 
docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233,636, attorney docket no. 25791.47, on 8/16/2000, (21) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791.48. filed on 
5 110^2000, and (22) U.S. provisional patent application serial no. 60/262.434, attorney 
docket no. 25791.51, fiCed on 1/17/2001, the disclosures of vvhich are inoorporated 
herein by rs^terenoa. 

In several alternative emt>cdiments, the apparatms 200 and 300 are used to 
fomi and/or repair vifellbore casings, pipelines, artd/or stnjctural supports. 

10 In several altemalUve embodiments, the folded geometries of tihe shoes 21 5 and 

305 are provkled in accoindanoe with the teachings of U.S. Patent Nos. 3,425.559 
S!nd/or 5.794.702, the disdosures of whidi are incorporated heraAn by refisrence. 

An apparatus for forming a weUbore rasing in a borehole todated in a 
subterranean fbnmation Including a pree^dstir^ mllbore casing has been described that 

15 indudes a support member including a first fluid (»ssage, an expansion oone coupled 
to the support msvnber induding a second fluU passage fliMkdy coupled to the first 
fluM passage, an expandable tubular liner movably coupled to the eKpansion cone, and 
an estpandable shoe coupled to the ooc^ndable tiA>uiar liner. In a preferred 
embodiment the eKpansiort con® Is estpandable. in a prelisrred embodiment, the 

20 e»pandsA>le shoe indudes a valveabEe fluid passage for controilirig ttie flow of fluMic 
materiate out of the expandable shoe. In a preferred embodiment, the expandable 
shoe indudes: an expandable portion and a rsmaining portion, v^reln the outer 
drcumfeffence of the expandable portion is greater than the outer drcumfiarence of the 
remaining portion. On a prefened embodiment, the expandable portion indudes: one or 

25 more In^rd fcSds. In a prefem^ embodiment, ^e expandable portion indudes: one or 
more oorrugatto^ns. In a preferred embodhtent, the expandsible shoe indudes: or^ or 
more in^rd folds. Dn a preferred embodiment, the expandable shoe Indudes: one or 
morg) comi^attons. 

k shod has also been described that indudes an upper annular portion, m 

30 intemnediate annular poTtion. and a llo^r annular 'portion. tA^herein the Sntemrtediate 
annular portton has an outer drouinferenos that Is larger thsn tlie outer drcumferenoss 
of the upp^ and Do^ annular portions. In a preferred embodiment, the lo^r armular 
portion indudes a valveable fluM passage Ibr controlling the fGow of flutdic materials out 
of the shoe. In a prsfsrred embodiment, the inbsmtediate portion indudes orie or mxsm 

35 in^rdfoids. In a prefisimsd embodirnent, the Intennediate 
oorruQiations. 
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A method of forming a welltx)re casing in a subtenranean fomiation having a 
preexisting vvellbore casing positioned in a borehole has also been described that 
indudes installing a tubular Hner, an expansion cone, and a shoe in the borehoUe, 
radially expanding at least a portion of the shoe by Injecting a fluidic materia! into the 
5 shoe, and radially expanding at bast a portion of the tubular liner by injsctfng a fluidic 
matorial into the borehole below the expansbn cone. In a prefenned emtbodiment, the 
method further Indudes inadiaHy expanding the expansion cone. In a preferred 
emfixidtntent, the method further indudes lotA^ring the expanslo^n cone inlto the radially 
expanded portion of the shoe, and radially expanding the expansion oor^e. In a 

10 preferred embodiment, the method further indudes rad^lly expanding at least a portion 
of the shoe and the tubular liner by injeding a fluidic material into the borehole below 
the radiaDiy expanded expansion cone. In a preferred embodiment the method further 
indudes injecting a hardenabks fluidic sealing material Into an annulus betifi^n the 
tubular liner and the borehole. In a preferred embodiment, the method further indudds 

15 radially expanding at least a portion of the preexisting welibore casing. In a pneferred 
embodiment, the method further indudes overlapping a portion of the radially 
expanded tubular liner ^ a portion of the preexisting vi^llbore casing. In a preferred 
ennbodiment, the inside diameter of the radially expanded tubular ilner la substantially 
equal to the inside diameter of a rtonoverlapping porfion of the preexisting weBbore 

20 casing. In a preferred ernbodinient. the nn^hod furth^ IndudM 

to the expansion cone. In a prefemed embodiment, the inside diameter of the radtaiiy 
expanded shoe Is greater than or equal to the inside diameter of the radially expandked 
tubular Ilner. 

An apparatus ft^ forming a vi^lbore (^sing In a subterranean fomratllon having 
25 a preexisting weilboTe c^lng posittoned in a borehole has also been desc^bed that 
indudes means for instaRing a tubular Ilner. an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and rvieans for 
rsdialiy expanding at teast a portion of the tubular liner. Dn a preferred embodiment, the 
apparatus further hwiudesmeafiis for radteltyexpandirig the e^ Dna 
30 prsfemsd embodln^ the gipparatus furthisr Indudes meero fbr kmrlng th(e 

expansion cone into th@ rodi&Gly expanded portibn of the shoa« and means tor radially 
expanding the expansiorioone. Dn a pireiterrM ernbodlrnerit, the apparatus fiurtto 
indudes means fox injeding a fluidic ntateriai into the borehole bsia^ the radially 
expanded expansion cone, in a pralerri^ emtodiment, the apparatus further indudes 
35 means for injedins a lisardenable fluidic sealing material into an annulus bett^b^n the 
tulbular Diner and the bcTehoSe. In a prsferved ernbodlntant, the apparatus fUrt^ 
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includes means for radially expanding at least a portion of the preexisting wetlbore 
casing. In a prBferred embodinment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion cS the 
preexisting v^llbore casing. In a prefemsd embodiment, th® Inside diameter of the 
5 radially expanded tubular liner is substantially equal to the inside diameter of a 

nonoveriappir^ portion of the preexisting wellbor© casing. On a prefenned embodiment, 
the apparatus further includes means for apply^g an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially (Expanded shoe is greater 
than or equal to the inside dteumter of the radially expanded tubular Diner. 

10 An apparatus for fOTTung a v^lbona casing within a subterranean fbmr^on 

Including a preexisting mllbore ^^ing positiorDed in a borehole has also been 
descrSted that indudes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore casing. The 
Inside diameter of the radial^ expanded tubular liner is substantially equal to the inside 

1 5 diarrteter of a non-overlapping portion of the preexisting t^^llbore casing. 
A v^elbore casing positioned in a borehole v^ 
also bem descrfted that includes a fiirat wellbore casing and a second vifellbore casing 
coiBpted to and overlappong the first ^llbore casing, vifheir^n the second weObore 
casing Is coupled to the first vifellbore casing by the proosss o^ instadling the second 

20 vi^bore casing, an expansion oone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second vvellbore casing by injecUr^ a fluidic materiai 
into the borehole b^lm the expansion cone, in a preferred embodiment, ttie process 
for torrrring the vvetlbors ossing further irtdudes radially expanding the expansion cone. 

^ In a pr^rrtsd ombodirn^t, the pinoosss for forming the v^llbore casing further indudes 
lo\A;;^ng the expansion cone into the radially ©xpanded portion of the shoe, and radiaOlly 
expanding the expansion cone, in a preltenred embodiment, the process for forming the 
mibbre casing further indudes rcdiaSly expanding at least a portion of the shoe and 
the second v^lbond casing by injedtioig a fluidic nr^aterial into the borehole below the 

30 radially expanded expansion (x>r^.- In a pnefierred. embodiment, the process for forming 
the mllbore ossing Anther lndiu!des Injecting a hamdenable fluodoc sealing nr^tertel into 
an annulus bett»ieen the second mllbore casing and the borehole. In a prefidrrdd 
embodinrtent. the fmc&m for fbrming the mllbore casing further indudes radially 
expanding at least a portion of the first vifeilborerasb^ In a pnsferred embodiment, 

35 the process for fonnriing IShemlt^^ casing further indudes overtepptng a portion of the 
radially expanded isecoridv;;enbore»8irigi^ In 
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a preferrad embodimant, the inside diametes- of the radially expanded second weHbore 
casing is substantially equal to the Inside diameter of a nonoverlapping portion of the 
first mlibore casing, in a prafermd embodinient, the prooass for fbnming the v)/eiEbore 
casing further Indudes applying an avM force to the expansion cone. In a prefenBd 
5 enmbodtont, the in^de diameter of the radially expanded shoe is greater than or equal 
to the iralde dla?net^ of the radially expanded second wellbore casing. 

. A method of fbnfnir^ a tubular struciuirs in a subfearranean fomnatton having a 
preexisting tubular member p(»itionod in a borehole has also been described that 
indudes installing a tubular liner, an expansion cone, and a shoe in the borehole, 

10 radially expanding at (east a portion of the shoe by injecting a fiuidic material into the 
shoe, artd radially expanding at least a pc^on of th<a tubuiar Oner by injecting a fiuidic 
rnaterial Into the bomhdebelG^th® expansion oori®. In a prefbrred erhbocbnent, the 
method fi^ther includes radially expanding the expansSon oona. In a prefened 
embodiment, the method further indudro lowering the expansion cone into.the radially 

15 expand^ poslionG? the shoe, and radially expandirigtto In a 

prnferrsd embodiment, the method further Indudes radially expanding at least a portion 
of the shoe and the tubular liner by Injecting a fluidte material into the borehole below 
the radtaliy expanded exi^tnsion cone. In a pn^ierrad embodiment, the method further 
Indudes injecting a hardenabte fiuidic sealing matertel into an annulus beti»een the 

20 tubular liner and the borehole. In a preferred embodiment, the method further indudes 
radially expanding at least a portion of the pTeexisUrtg tubular rrtember. In a preferred 
emibodlment, the method further Indudes overlapping a portion of the radially 
ex^nded tubuSar lin^ a portion of the preexisting tubular member. In a preferm^ 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 

25 equal to the ^Ide diameter a ri:onover{!applng portion of the preexisting tubular • 
member. On a preferred embodlrir^nt, the method further irxdu^^ - 
fbros to the expansion ^ne. In a prt§f©rnsd embodlrvient, the inside dSarrteter of the 
radis% @xpartdgd ahoe is gn^r than or equal to the inside diannetier of the radially 
expanded tubular liner. 

30 . An apparatus lor fbirmir^ a tubular structure in a ^ 

a pnseidsting tubular member positioned In a borehole has also been described that 
indudes means Iter installir^ a tubular liner, an expansion cone, and a shoe In the 
borehole, means for radtelly expanding at least a portion of the shoe, and means for 
radially ex^rtdir^ at least a portion of the tubular Bner. in a pnafterred embodinrcant, the 

35 apparatus further indud(83nrtear)S for radially expand^^ In a 

pnsfennsd embodiment, the apparatus further indudes means for Bot^rir^ the 
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Gxparaion cone Into the radially expanded portion ol the shoe, and means for radially 
e)(panding the e)(panslon cone. In a preferred embodiment, the apparatus further 
includes means for injecting a fluidic material into the borehole bellow the radially 
expanded expansion cone. In a prefened emhiodiment. the appsiato fizrthsr includes 
5 meams for Injeciting a hardenabte fluldic sealing material into an annulus betwfeen the 
tubuter liner and the borehol®. In a preferred entbcdlment the apparatus further 
includes n^ns for radially expanding at least a portion of the preexisting tubiriar 
memb(^. In a preferred embodiment, the apparatus further includes means for 
overiapping a portion of the radially expanded tubular liner with a portion of the 

10 preexDSting tubular nrvsmber. In a preferred embodiment, the inside diameter of the 
rsdially expanded tubular liner is substant^lly equal to the inscde diameter of a 
nonoveriapping portion of the preexisting tubular memtesir. In a preferred embcdimsnt, 
the apparatus further Includes mearis for applying an axial force to the exp®nston ocme. 
In a preferred embodiment, the Inside diam^Aer of the rsidiaity expanded shoe is greater 

15 than or equal to the inside diameter of th^ radiaCiy expanded tubular liner. 

An apparatus for forming a tubular structure within a subterranean fonnattan 
indu^ang a preexisting tubular member positioned in a Iborehoile has also been 
described that Includes a tubular liner and means for radtelly expanding and oxipling 
the tubular liner to an pveriapping portion of the preexteting tubular member. The 

20 inside diameter of the radially expanded tubular liner is substantiaiiy equal to the inside 
diameter of a non-overtapping portion of the preexisting tubular member. 

A tubular structure petitioned in a borehole within a subtenanean fomiation has 
also be^ deso1b(^ that Includes a first tubular membeir and a second tubidar mendter 
coupiled to and overiapp3ng with the first tubular member, wherein the second tubular 

25 member is coupled to the firet tubular member by the process of: installing the second 
tubwllar member, an expansion cone, and a shoe in the IborehoSe, radially expanding at 
least a portion of the shoe by injecting a fluldic material! into the shoe, and radtelly 
expending at least a portion of She second fiubuJar nrtember by injecBng a fluWIc material 
into the borehole betow She expansion cone. In a preferred embodiment, the process 

30 for forming the tubular stnJcSure further Includes radially expanding the expansion con®. 
In a pireferved embodiment, the process for fomnlng the tajbuiter structure furth^ 
Inctudes towering the expansion oone Into the radially expanded portion of the shoe, 
and radially expanding the expansion oone. In a prefenred embodinnent. the preosss 
for ftmvring the (hutbujar structure further includes raxlially expanding at least a portion of 

35 the shoe and the seoond tubular niember by injecting a fluldic material into the 

borehole below the radially expanded expaneton cone. . In a preferred embodiment, the 
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process for forming the tubular structure further includes ir^jecUng a hardenabie fluidic 
sealing material into an annulus behft^n the second tubular member and the borehole. 
In a preferred en^bodiment, tto process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for fbrniing the tubular structure further includes overlappir^ 
a portion of the radialV expanded second tubular member with a portion cf the first 
tubular member. In a preferred embodiment, the inside diamoter of the radially 
expanded second tubular member is substantially equal to the inside dian^ter of a 
nonovertapping portton of the first tubularmember. In a preferred embodiment, the 

10 process fa* forming the tubular structure further indudos applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially exparided 
second tidl>ular member. 

Although iHu^Hve embodiments of the invention have been shown and 

15 described, a wide range of modHcatioin. changes and substitution is contemplated in 
the Ibnsgoir^ disctosure. hi some Instances, some features of the present invention 
may be employed without a ponesponding use of Accordingly, K Is 

appropriate that the appended claims be construed broadly and in a rhanner consistent 
with the scope of the inventton. 
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1. An apparatus for forming a vueilbore casing wfthin a subterranean 
including a preexisting wellbore casing positioned in a twrehole, comprising: 

5 a tubuiar liner, and 

nneans for radially expanding and coupling the tubular liner to an overtopping 
portion of the preexisting wellbore casing; 

wherein the inside dianieter of the radially expanded tubular liner is equal to the 
inside diameter of a non-overtapping portion of the pieaxlsta'ng wellbore casing. 

10 

2. An apparatus for forming a tubular structure within a subterranean fomration 
including a preexisting tubuiar member positioned in a borehole, comprising: 

a tubular liner, and 
means for radially expanding and coupling 0ie tubular liner to an overlapping 
15 portion of the preexisting tubular member; 

wherein the inside diameter of the radiaily exparujed tubular liner is equal to the 
inside diameter of a non-overlapping portion of the preexisting tubular member. 



10 



IS 



30 

Claims 

1 . An apparatus for foirrning a wellbore casing in a borahole located in a 
subterran^n formation including a preexisting weilbore casing, comprising: 

a support mamb^ induding a first fluid passage; 

an e^cpar^ion oone coupled to the support member including a second fluid 

passage Ifluididy coupled to the first fluid passage; 
ah expandable tubular liner nr>ovably coupled to the e^qsansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

2. The apparatus of dairh 1 , wherein the expansion oone is expandable. 

3. The apparatus of daim 1 . wherein the expandable shoe indiides a valveable fluid 
passage for controlling the flow of fluidic materials out of the expandable 8l>oe. 



4. The apparatus of daim 1 , wherein the expandable shoe indudes: 
an expandable portion; and 

a nsmsiining portion coupled to the ^tpandable portion; 
whereh the outer drcumferenoe of the expandable portion is greater than the 
20 outer drcumferenceoftheremdning portion. 

5. The apparatus of claim 4, wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatus of daim 4. wherein the expandable portion indudes: 
one or more oorrvsgations. 

7. The apparatus of daim 1 , wherein the expiandable shoe includes: 
one or ntOTG inward folds. 

30 . 

8. The apparatus of daim 1 . wherein the expandable shoe Indudes: 
one or more oomigations. 



9. 

35 



A shoe, oomprising: 

an upper annuter portion; 

m irvtemiediate annular portion coupled to the upper annular portion; and 
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a lo^r annular portion coupled to the kitennediate portion: 

wherein the intermediate annular portton has an outer drcumferenca that is 

larger than the outer circumferences of the upper and tower annular 

portions. 

5 

10. The shoe of daim 9, wherein the iower annular portion indudes a valveable fluid 
passage for oontrdiing the flow of fluldic msteriais out of the shoe. 

1 1 . The shoe of claim 9, wherein the intemiediate portion indudes: 
1 0 one or more inward folds. 

12. The shoe of dairn 9, wherein the interrnediate portion indudes: 
one or more corrugations. 

15 13. A nnethod of forming a weHbpre casing in a subterranean formation having a 
preexisting wellbore casing poeitioned in a borehole^ comprising: 

Installing a tubutair liner, an expansion cone, and a shoe In the borehole; 
raxMfy expandkrtg at least a portion of the shoe by injecting a fluidic material 
into the siioe; and 
20 rsKilallyexpartding at least a portion of the tubular to^ 

material into the borehole below the expansion cone. 



25 



14. The method of daim 1 3, further comprising: 
radially expanding the expansion cone. 

15. The method of daim 13, further comprising: 

lowering the expansion cone into the radially expanded portion Cff the shoe; mti 
radially expanding the expansion cone. 

30 16. The method ofdaim 15, further comprising: 

radially expanding at least a portion of the shoe and the tubuiar liner by injecbng 
a fluidic nmaterial into the borehde below the radially expanded 
expansion oone. 



35 17. 



The method of daim 13, further comprising: 
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injacting a hardenable fluldic sealing material into an annulus between the 
tubular liner and the borehole. 

18. The method of claim 13» further comprising: 
5 radially expanding at least a portion of the preexisting wellbore casing. 

1 0. The method of daim 1 8, further comprising: 

overlapping a portion the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of dalm 19. vvherein the inside diameter of the radially expanded 
tubular liner ts substantially equal to or greater than the inside diameter of a 
nonovertapping portion of the preexisting wallbore casing. 

15 21. The method ofdabrn 18. further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13. wherein the inside diameter of the rsydially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular Hnw. 

23. An apparatus for forming a wellbore casing In a subterranean formation having a 
preexisting wellbore <»3ing positiorDed in a bt^ehoie, comprising: 

means for installing a tubular 6ner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially sptpanding at least a portion of the shoe by injeding a flucdb 

matertel into the shoe; 8^ 
means for rBdiaiiy expanding at least a portion dS the tubular liner by injector^g a 

fluicOc material into the boreliole below the expansion cone. 

30 

24. ThQ apparatus of daim 23. further oomprisbig: 
means for radially expanding the expansion cone. 

The apparatus of dalm 23. further oomprising: 

means for lowering the expansion cone Into the.radially expanded portion of the 
shoe; and 



25. 

35 
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means lor radially expanding the expansion cone. 



26. The apparatus of daim 25, further comprisln9: 

means for injecting a flukJic material into the borehole below the radyiy 
5 expanded expansion cone. 

27. The apparatus of ctelm 23. fuFthor coTnprisIng: 

means for injecting a harrienabte fluidic sealing material Into an annulus 
betiAfeen the tubular liner and the borehole. 

10 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a pprtioh of the preexisting weilbore 



1S 29. The apparahjs of daim 28, further comprising: 

means for overlapping a portion of the rsdially expanded tutMJlar liner wHh a 
portion of the preexisting wellbore oasir^. 

30. The apparatus of dalm 29. wherein the inside diameter of the radially expmded 
20 tubular liner is substantially equal to the inside diameter of a nonoverlapping portion cf 

the preexisting weilbore casing. 

31. The apparatus of dalm 28, further comprislrig: 

means far applying an axlai force to the ^tpansion cone. 

25 

32. The apparatus of dalm 23, vi/herein the inside diameter of the radially expanded 
shoe is greater than or substantiaiiy equal to the inside diarrtater of the radially 
expanded tubular liner. 

30 33. An apparatus for fbmnlns & ^llbore c^ing \»fithin a subtenranean fcnraition 
induding a preeddsting vvellbor® casing positioned In a borehole, comprising: 
a tubular linen and 

ifRsans for radtaliy expanding and coupling the tubular liner to an overtapidng 
portion of the preexisting i^bore casing; 
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wherein the inside diameter of the radially expanded tubular liner Is 

sut>stantially equal to the inside diameter of a non-overlapping portion of 
the preexisting welitx^ra casing. 

5 34. A \/^lli3ore casing positioned in a borehoCa within a subterran®an fbrrnation, 
comprising: 

a first wellbona casing; and 

a second wallbore casir^ ooupted to and overlapping with the first wellbore 



1 0 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of: 

inst&Kng the second wallbore castr^, an expansion cone, and a shoe in 
the borehole; 

nEDdially eiqpanding at least a portion of the shoe by injecting a fluidic 
15 nriaterial into the shoe; and 

radially expanding at least a portion of the second wetlbore casing by 

injecting a fluidic material into the borehole below the expansion 

cone. 

20 35. The wellbore casing of claim 34, wherein the proossfs further comprises 
radially expanding the expansion cone. 

38. The welibore casing of daim 34, wherein the process further oomprises: 

lowering the expanscon cone into the radially expanded portion of the shoe; and 
25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wherehn the prooass further oomprises: 
radially expanding at teast a portion of the shoe and the second wsllbore casing 

by injecting a fluidic imterlai into the borehole below the radially 
30 expanded expanston cone. 

38. The weOlboTe casing of (Mm 34, wherein the process further oomprises: 
injecting a hardenable fluMIc seaTing nrraterial into an annulus between the 

second weiibore casing and the borehole. 

35 

38. The wellbcra casirtg of daim 34, wherein the process further oomprises: 
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radially expanding at least a portton of the first wellt)ore casing, 

40. The \i^llbore casing of claim 39, wherein the process further comprises: 

overlapping a portbn of the radially expanded second wellbore casing with a 
portion of the first w8iltt>ore casing. 

41 . The ^llt>ore casing of ctelm 40, \ft^rein the inside dian^ter of the radially 
expanded second \;^lltx>re casing is substantially equal to the inside diameter of a 
nonoveriapping portion of the first wellbore (^ing. 

42. The v^libore casing of daim 39, wherein the process further comprises: 
applying an ludal force to the expanston con^^ 

43. The wellboie casir^ off daim 34, wherein the inside diameter of the radially 
expanded shoe to greater than or substantially equal to the inside diameter of the 
racttaliy expanded second weHbore casing. 

44. A method of fcmning a tubular structure in a subterranean formation tiaving a 
preexisting tubular member poeitioned in a bonehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidto material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the bortehde below the (^qsansion cone. 

45. The method of cMm 44, Hurther comprising: 
radially expanding th© expansion oone. 

46. The method of daim 44, further comprising: 

lowering the expansion cone Into the radially expanded portion of the shoe; and 
radially expanding the expansion oone. 

47. The method of daim 46. further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by Ir^ecUng 
a fluidic material into the borehote batow the radially expanded 
expansion conse. 
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48. Th0 method of cteim44/further comprising: 

injecting a hardenable fluidic sealing inatenal into an annulus betv^en the 
tubular liner and the borehole. 

5 

49. The method of claim 44, further cornprising: 

radially expanding at least a portton of the pree}dstlng tubular member. 

50. The method of claim 49. furttier comprising: 

10 overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular mennber to provid® a load bearing interface and a 
fluidicseal. 



51 . The meOxod of daim 50. wherein the inside dianrieter of the radially expanded 
15 tubular liner is substantially equal to the inside dianneter <rf a. nonovertapping portion of 

the preexisting tubular mmber. 

52. The method of daim 49, ifiurther comprising: 
applying an axial (brce to the expansion cone. 

20 

53. The method df daim 44. wherein the inside diameter of the radially expanded 
shoe is greats^ than or substantially equal to the inside dianneter of the radially 
expanded tubular liner. 

25 54. An apparatus for fonmir^ a tubular struduire in a subterranean fbnmation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubulsnr liner, an expansion cone, and a shoe in the 
borehole; 

rneans for radially expandirtg at least a portton of the shoe; art^ 
30 rneans for rsttiiaBy expanding at least a porttoin of t^^ 

55. The apparatus of daim 54. ftjrther comprising: 
means for radiaOy expanding the expansion cone. 

35 56. The apparatus of daim 54. iHiiirther corr^rising: 
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means for lowering the expansion oone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of claim 58, further oomprising: 

means for injectir^g a fluidic material into the borehole t^low the radially 
expanded expansion cone. 

The apparatus of datm 54, further comprising: 
means for Injecting a hardenabie fluidic sealing material into an annulus 
behAfeen the tajbiriar liner and the borehole. 

The apparatus of cteiim 54, further comprising: 
means for radially exparK^ing at least a portton of the preexisting tubular 
tmmb&r. 

The apparatus of claim 59. further comprising: 
meians for overiapping a portton of the radially expanded tubular liner with a 
portion of the psreexisting tubular member to provide a load bearing 
interface and a fluidic seal. 

61 . The apparatus of daim 60, wherein the inside diameter of the radially exparxied 
tubular liner is substantially equal to the Inside diameter of a nonoveriapping portion of 
the preexisting tiubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe is gnaater than or subslantiaiiy equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular structiffe v^ln a subteiranean formation . 
induding a preexisting ttubuiar member positioned In a borehole, comprising: 

' 35 a tubular linen and 



58. 

10 



59. 

15 



60. 



20 
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msans for radially expanding and coupling the tubular liner to an overtapping 

portion of the pnaexistlng tubular member 
vtfherein the inside dbmeter of the radialty expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean fbnmatton, 
comprising: 

a first tubular menAen and 

a second tubular mamber coupled to and overlapping with the first tubular 
memben 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

Installing the second tubular member, ah expand cone, and a shoe in 
theborehoBe; 

radialy expmding at least a portion of the shoe by injecting a fluldic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluldic material into the borehole below the ex^ 

cone. 

66. Tto tubular stnictuna of daim 65, wherein the process further comprises: 

rEDdially expanding th9 expansion cone. 

67. The tubular stnjc^re of dalm 65, wherein the process further oomprtees: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion oone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radially expanding at least a portion <tf the shoe and the second tubular member 
by irii|ecting a fluldic gmterial Into the borehole below the radially 
e»panded ^tpansion oone. 



69. 



The tubular structure of daim 65, wherein the process further comprises: 
Nr^ecUng a hardena&le Mdic smllng h^terteil into an annulus bet^^^een the 
second tubular menr^r and the borehole. 
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70. Th® tubular structure of daim 65, wherein the process further comprises: 
radially expanding at least a portion of &)e first tubular member. 

5 71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
pprltion of the first tubular member. 

72. The tubular structure oS datm 71 , wherein the inside diameter of the radially 
10 expanded seoond tubular member is substantially equal to the inside diameter of a 

nonoveriapping portion of the first tubular member* 

73. The tubular structure of ddm 70, wherein the prooiessfu 

applying an aidal force to the escpansion cone. 

15 

74. The tubular simcture of daim 65, wherein the inside diameter of the radlaly 
expanded shoa is gnaater than or substantially equal to the inside dianneter of the 
radially expanded second tubular member. 

20 75. An apparatus fbrfbrrrring a wellbore casing in a b^ 

subterranean fonmation induding a preexisting weHbore casing, comprising: 
a support nnember Induding a first fluid passage; 
an expanidable expansion cone coupled to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an expandable tubular liner movaA>ty cmj;^ to the expansion cone; and 

an expandable shoe OMJpled to the expandable tubular liner comprising: 

a vah^bte fluid passage for controllirtg thei flew of fluidte materials out 

of the expandable shoe; 
an QxpandabCe portion induding one or more inward folds; and 
30 a remaining portion ooui^ed to the expandable poTtion; 

^ftfhereln the ouiter dncumterenoe oS the expandable portion is greater 
Vtmn the outer drcumferenoa of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermodiatd annular portion coupted to the upper annular portion induding 

one or more inward folds; and 
a lower annular portion coupled to the intermediate portion including a 

valveable fluid passage tor controlllr^ the flow of fluidic rnaterials out of 
5 the shoe; 

wherein the intermediate annular portion has an outer drcumferenoa that Is 

larger than the outer drcumferenoss of the upper and lower annular 

portions. 

10 77. A method of fbmning a wellbore casing in a subterranean fonnation having a 
pireoKisting wellboris ^sir^ positioned in a borehole, oomprising: 

installing a tubular Diner, an expansion cone, and a shoe In ttie borehole; 
radially expandirifi at least a portion of the shoe fay injecting a fluidic material 
into the shoe; 

15 towering the estpanston cone Into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at Deast a portion of ttie tubular liner by injecting a fluidic 
material into the borehole below ttie expansion cone; and 

overlapping a portion of the radially expanded tubular liner witii a portion of tiie 
20 preexisting wellbore casing; 

wherein the inscde diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular liner, and 

wherein the inside diameter of the radtolly expanded tubular liner is 
25 substantially equal to or greater than the instde di^n^tor of a nonoverlapping 

portion of the preexisting wellbore ^Ing. 

78. An apparatus for forming a wellbore casing in a subterranean fomiaiton havfrig a 
preexisting wellbor® rasirtg positioned in a borehole, oomprising: 
30 means for installing a tubular liner, an expansion oone. and a shoe in the 

borehoSe: 

means for radially expanding at least a portion of the shoe by ir^edlng a fluidic 

rraitertal Into the shoe; 
means for lowering ttie expansion oone into ttte radially expanded portion of the 
35 shoe; 

nrteans for radially expanding the expansion oone; 
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means for radially expanding at least a portion of thd tubular liner by injecUng a 
fluidte material into the boiehole betow the radially e)(pahded e)qi>ansion 
cone: 

means for radiaUy e}9anding at least a portion of the preexisting wellbore 
5 casing; and 

means for overtapping a portion of the rsdMy expanded tubular liner with a 

portion of the preex^ng wellborn oeising; 
whmin the inside diameter of the rsdially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 
10 tubular linen and 

vi^rein the inside diann;ater of the radially expanded tubular Hner is 

substantially equal to the inside diameter of a nonovertapping portion of 

the preexisting mllbore casing. 

15 79. A ^Ittme casir^ positioned in a Ixmhole ^sM}b\ a subterranean fonnrmtlGn. 
con^rtslng: 

a first tfiRdHbona casing; and 

a second ^llbore casir^ coupled to and pvertappirQ iRfith the first vvellbore 
casing; 

20 vt^erein the second wellbore casir^ is coupled to the first wallbore casing by 

the process of : 

instalDng the second vt/elllbore casff^, an expansion cone, and a shoe bi 
the borehole; 

radially expandir^ at (east a portion of the shoe by injecting a fluidic 
25 material into the shoe; 

lowering the expansion com into the radiallly expanded portion of the 
shoe; 

radially expanding the expansion cone; 

radDaDDy expanding at least a portbn the second \A;elffiiof^ casong by 
30 injecting a fluUic malerbl into the borehole betaw the radially 

expanded expansion cone; and 

ov^eriapplng a portion of the radialty expanded second \»felB>ore casing 
^itfNh a portion of the first tfi^lbpre casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantiaily equal to the inside diameter of the radially 
expanded second welibore casing; and 

wherein the inside diarrater of the radially exparxJed second wellbcire 
5 casing is subslantialty equal to the inside diameter of a 

nonoveriapping portion of the first wellbore (ssing. 

80. A method of forming a tubular structure in a subterranean fonnnation having a 
preexisting tubular member positioned in a borehole, comprlising: 

1 0 installing a tubular linisr, an expansion corre. and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone Into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 
1 5 radially ^(pending at least a portion of the tubular liner by Injecting a fluidic 

material Into ttie borehole betow the iradially expanded expansion cone; 

and 

overlapping a portion of the radially ^cpancted tiri>ular Hner a pmtion of the 
preexisting tubular member to provide a load bearing interftice and a 
20 fluidicseal; 

wherein the hside diameter of the rad»lly expanded shoe is greater than or 
substantiatly equal to the inside diameter of the radially expanded 
tubular liner, and 
wherein the inside diameter of the radially expand^ tubular liner is 
25 substantially ^ual to the inside diameter of. a nonovertappang portion of 

the preexisting tubular member. 

81 . An apparatus for fomitng a tubular stmcture in a subterranean Ibrmatton having a 
preexisting tubular mem^ positioned in a borehole, comprising: 

30 means for installing a. tubular Hner. an ex|»!nsion cone, and a shoe in the. 

. borehole; 

means for radially expanding at least a porUon of the shoe; 
means for towering the expansion cone Into the radially expanded portion of the 
shoe; 

35 means for redlally expanding the expansion bone; 

means for radially expanding at (east a portton of the tubular liner; and 
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means for overtapplng a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular nriember to provide a load beari^ 

Interface and a fluldic seal; 
wherein the inside dianrieter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular linen and 
whmin the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameteir of a nonoverlapping portion of 

the preexisting tubular ntembeir. 

82. A tubular strudur® positioned in a bonehoie vtfithin a sublenranean formation, 
oomprising: 

a first tubularnrtember; and 

a second tubular member coupled to and overlapping with the first tubular 
nfieml^er; . . 

wherein the second tubular rmmber is coupled to the first tubular member by 

the process of: 

instailir^ the second tubular member, an expansion cone, and a shoe in 

the borehole; 

radially expanding at least a portion of the shoe by injecting a fluldic . 

materiaHntlo the shoe; . 
lowering the expansion oone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second tubular member by 

Injecting a fluteiic material into the borehole below the radial 

expanded mpan^lm oone; ar^ 
overtapping a portion of the radially expanded second tubular member 

vvith a portion of the first tubular nriend)en 
wherein the inside diameter of the radially mpanded shoe is greater 

than or substanfialiy equal to the inside diameter of the radially 

expanded second tubuiar member; and 
wherein the inside diameter of the radially mpanded second tubular 

memb^ Is substantially equal to the inside diameter of a 

normferlapping portion of the first tubtdar rra 
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